Zirconia based ceramic materials have been recently considered for load bearing applications such as orthopedic and dental uses, thanks to their good mechanical properties in term of high wear resistance, especially in young high demanding patients, with long life expectance (l). On this basis previous in vitro and in vivo studied have been performed taking into account biocompatibility of these materials and in particular long term chronic effects, and the possibility oflocal and/or systemic tumor development due to presence new ZTA . These studies showed the absence of long-term chronic effects and tumor development (2, 3) . Moreover in some particular cases ceramic materials may induce an acute reaction to ceramic debris, especially in case offracture (4) . The aim ofthis study was to investigate the possible local and systemic acute effects of ceramic precursors in form of powders of different size when released into articular joint.
MATERIALS AND METHODS

Powders
The materials presented in this study is currently under consideration of patent and was obtained within a project aimed at developing new ceramic materials of high strength and toughness suitable for biomedical applications [in vitro]. Powders were manufactured by ENEA and were made of ZTA.
Powders ultrastructural analysis
For ultrastructural Scanning Electron Microscopic analysis powders were sputtered with colloidal gold, stuck onto metal support with electroconductive silver paste and examined under a Phillips XL 20 scanning electron microscope.
Animal and surgical technique
Twenty-four New Zealand white adult rabbits of both sexes (average body weight 3 Kg) were used for the study. Surgical intervention was performed in aseptic conditions under general anesthesia (ketamine and xylocaine 2%). An antero-medial approach to the knee joint was made, the joint was opened through lateral patella dislocation; then powders were implanted in the knee joint. Animals were sacrificed at difference interval (1,3,6,12, months). Retrieved knee joints underwent X-Ray, histological, immunohistochemical and ultrastructural analysis. Peripheral organs (liver, kidney, lung, spleen, etc) were collected at same time.
For histologic analysis tissue specimens collected were fixed
Key Words: ZTA, Zirconia, Alumina, Toxicity in 10% formalin, then divided in two groups: a) decalcified in ethylendiaminetetracetate (EDTA) dehydrated and embedded in paraffin, sectioned and stained with hematoxylin-eosin; b) embedded in polymethylmethacrilate sectioned with a diamond saw and stained with Toluidine Blue. The two groups were observed in transmitted and polarized light microscopy. Labelling study for immunohisochemistry was conducted using anti CD31 antibodies.
RESULTS
SEM ANALYSIS
Scanning Electron Microscopy of ceramic precursors showed round shape of powders, differing in dimension, ranging from less than Iurn to more than 500 urn (Fig.   I ).
XRAY
XRay of the retrieved knee ( fig. 2 a-b) showed the presence of powders inside the joint. No migration of powders was seen outside the knee joint.
HISTOLOGIC REACTION OF THE COLLECTED KNEE JOINT
Histologic reaction onto either undecalcified and decalcified tissue showed a peri-implantar tissue membrane, with scarce cells in a poor in vessels stroma. In particular smaller particles were fagocited by mononuclear-hystiocites-like cells (fig 3 a) . Sometimes a granulomatose reactions with giant cells has been seen surrounding bigger particles. The biggest ones were seen in the tissue spaces not surrounded by cells ( fig. 3.b) . No powders were seen outside the knee joint showing that the material specially the bigger remain in situ, while the smaller may induce a mild inflammatory reaction. Immounohystochemetry showed that bigger powders remain in situ; the smaller particles may induce inflammatory reactions but we did not found significant neoangiogenesis (CD31 negative, data not shown).
Systemic reactions
No tumors neither systemic diseases were observed locally (at site of implantation) or in the other organs (lung, liver, kidney, spleen, brain) related to implanted materials.
These data revealed the absence of systemic toxicity also in case of direct insertion of powders into the knee joint.
DISCUSSION
The introduction of material such as Alumina and Zirconia has made an improvement in the choice of new biomaterials for the load bearing application in dental and orthopaedic implants (5-6). These materials has shown mechanical resistance to high stress related to weight bearing and mastication and low debris in time. For this reason they are indicated on young patients implant. Recently has been introduced a new class of biomaterials with Zirconia up to 25% in weight into an Alumina matrix, known as ZTA (zirconia toughned alumina), with better mechanical properties than alumina and Zirconia alone. The indication to use this materials in young patients pointed on the biocompatibility especially in term of long term effects, such as the risk of chronic inflammation due to chronic wear debris release and the possibility of carcinogenesis (7 ) . Another point to investigate is the acute reaction of the tissue in case of acute release of powders of these materials (8) . One of the reason of the draw back of Zirconia in orthopaedic use was the rate of the acute failure implant due to the fracture of the component, with high entity of ceramic particles and or fragments present in the periprosthetic tissue membrane (4).
On this basis many studies on biocompatibility of ceramic materials for load bearing applications focused on chronic effects of ceramic and its direct bone contact (5), while in this study we tried to analyze the possible biological effects of a catastrophic failure of a ceramic implants, like a fracture, investigating the histological and immunohistochemic reaction around high entity of ceramic particles released in a short time in periprosthetic tissue memmbrane. SEM analysis of the particles showed the wide difference in the grain size of ceramic precursors particles simulating the clinical condition in case of fracture in which ceramic fragments differs widely In dimension and shape (4, 9) . Histologic reaction to the periprosthetic tissue membrane reveals a different reaction depending on the grain size. Bigger fragments remained in the extracellular matrix, while smaller were phagocyted by mononuclear cells or induced a granulomatous like reaction with some giant cells. The smaller particles may induce inflammatory reactions, due to higher reactivity of small particles, but we did not found significant neoangiogenesis (CD31 negative, data not shown). This in vivo study confirmed what previously observed in vitro by Catelas (10) who compared the toxic effects ofceramic (Alumina and Zirconia) and polyethylene, showing a direct relations between ceramic particles size and TNFa in vitro production. No differences of toxic effects between Alumina and Zirconia at the same size and higher level ofTNFa production with high density polyethylene when compared to Alumina at the same grain size and particles dose. Further studies should be performed in order to investigate the real significance of giant cells sometimes visible in our study, because ofYoon et al (11) stated thatthe foreign giant cells could be related to a possible induction of periprosthetic osteolysis, due to abundant ceramic particles released dispersed in rich in vessels stroma. We hypotised that through the few lymphatic vessels present into the stroma smaller particles could be transported to the peripheral organs, as it occur in case of high entity of metal particles released. Moreover in our study the stroma was poor in vessel, immunohistochemeitry revealed that tissue was CD 31 negative and the autopsy performed at different intervals did not shown any systemic toxic effect on the periphereal organs related to the material tested.
The results of this study confirm what previously reported by Maccauro et al. (2) , on the absence of local and systemic toxicity ofthis material implanted in form of cylinder into the bone, revealing the suitability of ZTA to be used in the biomedical application.
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